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AEROHEATIHG(PRESSURE)CHARACTERISTICSON A "

O.OIO-SCALEVERSIONOF THE VEHICLE3 SPACESHUTTLE :

CONFIGURATION(26-OTS)IN THE LANGLEYRESEARCHCENTER
(

4-FOOTWINDTUNNEL (IH4) i

by _

R. B. Kingsland
Rockwell International Space Division

ABSTRACT

i This reportpresentsthe resultsof wind tunneltests,IH4,con-

i ductedat the LangleyResearchCenterUnitaryPlanWind Tunnel. The

i modeltestedwas an O.OlO-scaleversionof the Vehicle3 SpaceShuttle

Configuration.Pressuremeasurementswere made on the launchconfigura-

tion,Orbiteralone,externaltankalone,and solidrocketboosteralone,

to provideheat transferpressuredata.

The testswere conductedfor a Mach numberrange from2.36 to 4.6

and Reynoldsnumberrangefrom 1.2 to 5 x IOB per foot. The modelwas

i testedat anglesof attackfrom -lO° to 20° for a sideslipanglerange

_,i from-5° to +5°, and at sldesllpanglesfrom-5° to 48° for 0° angleof

attack.

This reportfor IH4 consistsof four volumes:

Volume 1 - data figures 4 through 47

Volume2 - data figures48 through92

Volume3 - tabulatedsourcedata pages 1-401 (R data sets)! ,
Volume4 - tabulatedsourcedata pages402-926(M and A

data sets).

i iii
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NOMENCLATURE /'__,_

PLOT
SYMBOL MNEMONIC DEFINITION

a speedof sound,ft/sec

Ab basearea, ft2

b BREF wing spanor referencespan,in

c.g. centerof gravity

_ref LREF referencelengthor wing mean aerodynamic
chord,in

C C localwing chord,in

Cp CP localpressurecoefficient;(Pn " P®)/q

Cpstag CPSTG stagnationpressurecoefficient

Cp/CpstagCP/CPS ratioof localstaticpressurecoefficient
to stagnationpressurecoefficient

CONFIG configuration

F.S. fuselagestation,in

I.V. integratedvehicle

L L actuallengthof component,in

MACH MACH Mach number,V/a

M.S. missilestation,in

P_ PL localstaticpressure;l/2pV2, psi

POINT datapoint number

P, PINF freestreamstaticpressure,psi

Pi/Pu PI/PU interferenceto undisturbedpressureratio

P_/P® PR ratioof localstaticpressureto freestream
staticpressure

!
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NOMENCLATURE(Conttnued)

PLOT
SYMBOL _ DEFINITION

PORT Scantvalve port number

RUN run number

RN/L RN/L unit Reynoldsnumber, per ft

S-V Scantvalve number
VALVE

q Q(PSI) dynamicpressure;I/2pv2, pst

SREF wing areaor referencearea, ft2

MRP momentreferencepoint

XMRP momentreferencepointon X axis, in

YMRP momentreferencepointon Y axis, tn

ZMRP momentreference point on Z axis, in

T T temperature,°F

V V velocity, ft/sec

X/Lb X/LB distance from nose of orbiter divided by
orbiter length

X/LT XlLT distance from external tank nose divided
\ by externaltank length

X/LsRB X/LSRB distancefromSRB nose dividedby SRB length

X/CW X/CW distance from wing leading edge divided by
wing chord length

X/Cv X/CV distance from verttcal tat1 leadtng edge
divided by vertical tail chord length

X X longitudinal distance from nose of component, tn

13

C
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NOMENCLATURE(Continued) 0

PLOT [i
SYMBOL _ DEFINITION

y Y lateraldistancefrom center-lineof component,
in

Y/b/2 2Y/BW distancefrom fuselagecenter-lineoutboard
dividedby semi-spanlength

Z Z verticaldistancefromreferenceplaneof
component,in

Z/bv Z/BV distancefromorbiterstationZo " 500
dividedby verticaltailspan

a ALPHA angleof attack,deg

B BETA angleof sideslip,deg

PSl SRB ray anglemeasuredclockwise,looking
forward,frombottomcenter-line,deg

¢ PHI orbiterray anglemeasuredclockwise,
lookingforward,frombottomcenter-line,deg

o THETA externaltank ray anglemeasuredclockwise,
lookingforward,frombottomcenter-llne,deg _,

p RHO mass density,slugs/ft3

MU freestreamviscosity,Ib-sec/ft_

SUBSCRIPTS

\_ o SSV referencesystem

l conditionsupstreamof a shockwave _'

2 conditionsdownstreamof a shockwave

b B body

FS fuselagestation,in

14
( )
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NOMENCLATURE(Concluded)

SUBSCRIPTS(Continued)

PLOT
SYMBOL I_IEHONIC DEFINITION

FULL full scale

t I interference-integrated vehicle data

LE leading edqe

L local

MS missile station, in

n ORI NO orifice number, n = integer

0 0 Orbiter

S SRB SolidRocketBooster i i

SRB /J

s staticconditions

stag S stagnationconditions

T T external tank

t totalconditions

u U undisturbed-componentalonedata

v V verticaltail

W W wl_g

® freestream

( ) IS
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CONFIGURATIONSINVESTIGATED w_h

(1) 01 + Tl5 + SB Nl6 - IntegratedVehicle

01 = Orbiter- BiT C7 M4 F5 Wlo3 E22 V7 R5

BiT - Fuselage

C7 - Canopy

M4 - OMS Pods

F5 - Body Flap

WIO3- Wlng

E22 - Elevon

V7 - VerticalTail

R5 - Rudder

TI5 = ExternalTank with protuberances

S8 = SolidRocketBooster

N]6 = BSRMnozzles

(2) Ol + T22 + S8 Nl6 - IntegratedVehicle

T22 = ExternalTankwithoutprotuberances

(3) 01 - Orbiter

\ (4) Tl5- ExternalTank Alone

(5) S8 Nl6 - Solid RocketBoosterAlone

16
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TEST FACILITYDESCRIPTION

The NASALaRC4 foot Unitary Plan Wind Tunnel (UPWT)Is a closed-

clrcuJt, continuous flow, variable density facJllty. The test sectlon Is

4 feet by 4 feet by 7 feet long.

Two tunnel legs are available for supersonlc testing in the Hach

numberranges 1.47 to 2.86 (Leg No. I) and 2.29 to 4.63 (Leg No. 2). A1i

of these tests were madeIn Leg No. 2. An asymmetric, sliding block

nozzle posltion and total pressure settlng provide the test _ch numbers

at a specified Reynolds number. Reynolds numbercan be varled from 0.76

to 7.78 mi111on per foot. Available stagnation pressure variatlon Is

4.0 to 142. psia. Dynamicpressure variation Is 95. to 1260. psf wlth

normal operatlng stagnatlon temperature about 150°F In Machmodes2 or 3

and about 175°F in Machmode4. The tunnel Is equipped with a dry air

supply, an evacuating system, and a cooling system. The faclllty power

is approximately 83,000 horsepower.

Hodel mounting provlslons consist of various sting arrangements,

including axlal (1ongltudlnal), lateral (independent pitch and yaw), and

roll movementwith slde wall support. A Schlleren system and o11 flow
;

\' vlsuallzatlon equipment are avallable. Data are recorded at the tunnel

and reduced off-line at the Langley ComputerCenter. The tunnel Is used

for force and moment, pressure, and dynamic stab111ty tests. Hot and cold

jet effects and heat transfer have been studled In the UPS.

' 17
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TESTINGAND PROCEDURE C_ i"

Beforemodel installation,each of the 341 model orificeswere checked

for leaksand contiruity.The locationof eachof the orificeson the model

is presentedin Table 4. It was foundduringthischeckthatorifices43,

738,and 766 were openand that orifices121,532, 553, 558,590,and /15

were plugged. Of these,only orifice43 was recordedduringthe tests.

Duringmodel installation,the goodorificeswere connectedto twelve

Scanivalvesas indicatedin Tables5 and 6. A systemleakand continuity

checkwas made at thistimeand all orificeswere readinggood except701

whichwas pluggedafterdata pointI04. No furtherchecksweremade be-

cause noneof theseconnectionswere brokenduringthe test.

A vacuumwas connectedto port 0 and a l psi referencepressureto

portsl and 2 of each Scanivalve.Additionalreferencepressuresof 5 psi

were connectedto the firsttwo portsthatwere open afterall model pres-

sureswere recordedon each Scanivalve.On the Scanivalvesthat usedlO
i

psi transducers,the next two ports had a IO psi referencepressurecon-

nection. The vacuumwas usedas a zeropointin data reductionand the

referencepressureswere usedas a checkon the transducercalibrations

\ duringrunning,and, if necessary,to adjustthe pretestcalibrationof

the transducers.To increasethe accuracyof the data,the transducers

used in each of the twelveScanivalveswerearrangedby pressurerange

dependingon which configurationwas beingtestedand on estimatedpres-

suremeasurementlevels. The actualtransducerrangeused in each Scani-

valve is presentedin Table 7. After eachtransducerchange,a checkwas

made to ensurethat thereweren_ leaks.

18 --
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U DATAREDUCTION

Standard Langley Research Center methods were used to obtain local _

static pressures in psi, Pn.
l

i
The local static pressure coefficient for each orifice was calculated

L
by:

Cpn" {Pn " Pl)/ql
*-m

,m The ratios of local static pressure to freestream static pressure

upstreamof the shock wave were calculated by:

PR1 = Pn/P1

The ratlos of local static pressure to total pressure downst;aamof

the shock wavewere calculated by:

PR2 • Pn/Pt2 |"_'"!

The stagnation pressure coefficients were calculated by:

Cpstag = (Pt2 " Pl)/ql

The ratiosof localstaticpressurecoefficientto stagnationpres-

surecoefficientwere calculatedby:

Cpn/Cpstag= (Pn " Pl)/(Pt2" Pl)

If the datawas from a componentalone run,thisequationprovided

the ratioof localstaticpressurecoefficientundisturbedto stagnation

pressurecoefficient,Cpu/CPstag.However,If the datawas froman inte-

gratedcomponentrun, thisequationprovidedthe ratioof localstatic

pressurecoefficientinterferenceto stagnationpressurecoefficient,

Cpt/Cpstag.
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DATAREDUCTION(Concluded) __),

The ratiosof localstaticpressure interferenceto localstatic

pressureundisturbedwere calculatedby:
¢

PI/Pu = (Pnl - Pl)/(Pnu - PI) ::

2O
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,0 _ 'bATE,LV_/_
TESTCONDITIONS

i ii I ii

REYNOLDSNUMBER DYNAMICPRESSURE STAGNATIONTEMPERATURE

MACHNUMBER (per ft x 106) (poml$/N.inch) (dql.mFiMInMtt)
.... %. . ...... t

2.36 1.2 1.87 150

2._ 3.0 _.67 150ii

2.9_ i..2 ;.62 . i_.
2.95 3.0 k.O_ lJO

III g II I

2.95 5.0 6.73 1,_0

_.,? 1.2 1._ 1_o I
;.? , _.o _.z5 ,.._o ..
_.7 5.0 5._ zso

_,, 4.6 1.2 0.98 175 .,

_,.6 3,0 2.zt_' z?5

_.6 fS,O _.09 .1.75 .,'

I I ml I

.... I

i!
III

NO_
BALANCEUTILIZED: . ,

COEFFICIENT i

CAPACITY: ACCURACY: TOLERANCE:

NF .........

SF

AF

P_ i | .......

RM

YM

Pressure Transducers accuracy +.._.%of raced load.COMMENTS:

21

i .m ! E_
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TABLE II. - (Concluded). _j

-_ IRESULTANT

IDATASET DATASET/DATASET
I

IAQ3BAA MQ3BAA/MQ3BCA
IAQ3UAA MQ3UAA/MQ3UCA
IAQ3LAA MQ3LAA/MQ3LCA
IAQ3VAA MQ3VAA/MQ?VCA
JAQ3TAA MQ3TAA/M03TDA

. IAQ3SAA MW3SAA/MQ3SEA _
IAQ3BAB MQ3BAB/MQ3BCB
IAQ3UAB MW3UAB/MQ3UCB

i IAQ3LAB MQ3LAB/MQ3LCB
_/ jAQ3VAB MQ3VAB/MQ3VCB

IAQ3TAB MQ3TAB/MQ3TDB
IAQ3SAB MQ3SAB/MQ3SEB _
IAQ3BAC MQ3BAC/MQ3BCC
IAQ3UAC MQ3UAC/MQ3UCC
IAQ3LAC MQ3LAC/MQ3LCC

* I IAQ3VAc MQ3VAC/MQ3VCC _
:. I IAQ3TAc MQ3TAC/MQ3TDC
: i lAQ3SAc MQ3SAC/MQ3SEC

IAQ3BAD MQ3BAD/MQ3BCD F_!
AQ3UAD MW3UAD/MQ3UCD
AQ3LAD MQ3LAD/MQ3LCD

i AQ3VAD MQ3VAD/MQ3VCD ,_
AQ3BAE M03BAE/MQ3BCA
AQ3UAE MQ3UAE/MQ3UCE
AQ3LAE MQ3LAE/MQ3LCE
AQ3VAE MQ3VAE/F4Q3VCE

!

26
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TABLEIll. - MODELDIMENSIONALDATA

%

¼0DELCOMPONENT:. _OD1r- _,., _ __ ,

GENERALDESCRIPTION: 1_,,,.1,=,, _ _,.,,_'_o,,,.,=.._,,, r..t,,h+,.,..,.I,.h+,'_h'f'J',r

__.r Roekue11..L_aes,VL,70-000139. , .....

m ........

_DEL SCAL_,. , 0.010 ......................

DRAWINGNUMBER VL70-OOO139.

DIMENSIONS' FULL SCALE MODELSCALE _

_ Length - In. _ _ _

' MaxWidth- In. _ _ _?

MaxDepth - In. 2_,._ 2.1_5

• *, FinenessRatio . 4.&?.175 .,, 1_,82,].75 . .

AAa - 1;_1;2 '_

Max.Cross-Sectional _._ _,7 "_

Wetted ....... ._

,_ Base•=- i i It l I

I '

I: _

i [,,!
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TABLE Ill. - Continued.

LJ
MODELCOMPONENT_. r.A_npY. (,_ _ ,I

GENERALDESCRIPTION: r,,,,f ,,,,,'=+_,',- 3 ---

...... w.,7.o-ooo].39. . •

Mnn_.._P-AI._., n.mQ .........

DRAWINGNUMBER _ VL70-O00!_9 ..

DIMENSIONS' FULL SCALE MODELSCALE , i

Length(Xo=_33to Xo=670)I..FS _37 0 , ___7

MaxWidth ........ "

pthMax De . , _ _ i
1

?

FinenessRatio ....

Area , , k_

Max.Cross-Sectional -- ,

Planform ..... "}:

Wette .......

_ole ,, , ,, ,

28 REPRODUCIBILITY OF' THE
ORIGINAL PAGE IS P(X)R

t
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TABLEIII. - Continued.

0
MODELCO;-90NENT: _-WO_I. __2 .

GENERALDESCRIPTIOI'_: _ CoatigunLtton mr W,^= RQ9.k_ell Lines
l_t/ I I •

VL70_-000139data for (i) of (2) sides. ,.

Model st,ale,_ O.O]O ........

DRAWINGRUMBER: VLTo-neol?Q !

• i
DIMENSIONS: FULL-SCALE MODELSCALr i

Area - 1%2 .20_:_2 0.02055

Span (equivalent)- In. _

Inb'd equivalent chord .1,14.78 1._.._:_'/8 _'

Outb'd equivalent chord _ 0.550

i movable surface chord/Ratio

totalsurfacechord

! At Inb'dequiv,chord 9.29_ 0.208

At Outb'd equtv, chord O.IK)O O.kO0
!

SweepBackAngles, degrees

.\._ Leading Edge nnO_ o.o0 _
Tmtlt_ Edge - 10.24 - 19.2_

Htngel the ' 0,.00., 0.00 ,

Area Moment (Normal to hinge Ilne)-1%3 _

J
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TABLE Ill. - Continued.

MODEL COMPONENT '.__L_nY_.- _5 .... -

GENERAL DESCRIPTION. 3 qo_t'Cmzratlon _er l_ek_]l T.t_Ii ....

. VL70-000139 i _

, .....m,

MOD]_,_q.%LE: O.OlO

DRAWING NUMBER ' _ vnTn-oom_ 9 .,

DIMENSIONS' FULL SCALE MODEL SCALE

Length - In.... PJL_vn n./_Tq I

Max Width - In. _ ,, 2.676 }

Max Depth .....

i"

Fineness Rotio ....
i

Areo _ Ft 2 ...... i'

Max. Cross-Sectional ,, _ ,,_ 1

'h Planform 1_.(Y_

Wetted .......

¢

Base . ._8.0q58 0,00:180,

30 "*"

• i
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' TABLEIII.- ContinueO. " ! '

' t
M(_L ¢I_PONENTs _ _- 7,.

GENERALDESCRIPTIONs _nl'Llu_tion 3 Fox'Roc:k_L1.Ll.nosYL?0-(X)0_9,
_! - i m " _ " _J "11 iiii _ '

ILl _ II II -- --- I I |m I I Im Im I I

' DRAWINGNUMBER . _ YL'/O-Og0_3? .,,

DIMEhlSlONt FULLSCALE MODEL SCALE
• [ _ IIII • I II IIIII I

l.sNlth - IN _6.0_ _ 3.&60 ,, . ;

Me.Width - IN Io8.o . ,, 1.o8o

M_ O_th - _ ].I.3..o..... iJ3o ....
FineneuRatio

" |__ u

Amo - Fr2 //

Max Cross-Sectional

Plcmform ' i
N __J • ,===, . _ -

Wetted

, _ _III I II - .

i

! ,

I ,
! '

_, 31 .
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TABLE Ill. - Continued. -

MODEL CO_'ONENT.. BSEM NOZZLES - N,_ ,
• j ..... i I |1 _ ,,±il i j ii LJ- ±1 _ I _ _ --:_

GENERALDESCRIPTION: 3 Conflguratlon BSRM Nozzle.,, per Rockwell Lines
±_,J, I _u ii L_ L_L _ mt__J' I _ I _ _ I _ •

VL77-000036 and VL'12-000088,Da.%&for (I) of (2) sides
I I I _ _ ci__ _ i ii i _ | II _ _ i _ , __ : _ :± i I .... Ji ,

j i II .... l_l _ JJ _ _ _ I_U .... _ I __ _ : : ...... L _ u,. ,_ !

Model Scale = 0.010
iZ $ 2 :c_ c -:--: z .... iS i_ jii jll _ ILL__ _ II - • ,, _,i_ - _ll [ i

VL72-000088
DRAWING NO, jL,77_0000'I 6.......

i

DIMENSIONS FUIL-SCAt_ MODEL SCALE
!

MAGI NO,
, i JL JJ

DIAMETER DEX _ IN (O XT = 19Al) _ 1_78.5 1.785

DIAMETERDT -. IN

• DIAMETER DIN ._ IN

ON ",-DEGREES

AREA - FT2

MAX CROSS-SECTIONAL _ 173,78_ O,O_..._nnnnnnnnnn___
i

GII_AL ORIGIN 1_ . ,_ . ¥a Zo- -- -- _ I _l : 2 J

1 LEFT NOZZLE_.. IN FS 1738 -243 _OO
U I..... J ....

t

RIGHT NOZZLE -- IN FS 1738_ +243 &OO

, NUll. POSITIOH PITCH 'YAW
.- . -- _ LII U

'k_ LEFT NOZZLE- DEC-. +8° +8"
I

RIGHT NOZZLE '-DEG +8° +_8"

i
f
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TABLEIII. - Continued.

MODELCOMPONENT: RUDDER- R.

GENERALDESCRIPTION: Configuration14OAJBOrbiterRudder.....

t

i

MODELSCALE: 0.010 MODEL DRAWINGNn.:SS-AANICADrirA_E 6 '

DRAWINGNUMBER: . V.L70-QOOI46A _

DIMENSIONS. FULL-SCALE MODELSCALE *
A

Area-Ft2 _ .0106

Span (equivalent)-In. 201.0 2.010

Inb'd equivalent chord- In. 91.585 0..916,

Outb'dequivalentchord 50.833 0.508 i #

Ratio_w)vablesurfacechord/
totalsurfacechord

At Inb'dequiv,chord 0.400 0.400 :

At Outb'd equiv, chord 0.400 0.400., ,

SweepBackAngles,degrees

Leadi ng Edge 34.83 34.83

Tai1tng Edge 26.25 . 26._5

Hi ngel i ne 34.83 34.83

Area Moment(Normal to hinge line)-Ft 3 526.13 0.0005

_ 33 !
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TABLE III. - Continued.

MODEL COMPONENT • _o,q_ _LTD ROe_T HONOR- S.

GENERAL bESCRIPTION . _n_tA_ ._1ta Rno.kAt. _ _nt___atAan. lilly

of ,Revo!,utlon, I_t_ for 11) of ,(2) sides, per Rook_ll Lines V_-_O_

and VL72-000088

DRAWING NUMBER _ v_72-oooo_ VZ,TT-n(x_?#; .....

DIMENSIONS ' FULL SCALE MODEL SCALE

L Length(Incl_des Nozzle) - In. _, . 17._I0 __ /,

, Max Width (Tank DLa.) In. _

: Max Depth (Aft Shroud) - In. _ p_nr,n

Fineness Rotio 8.49268 8. _,_,_

Areo " Ft2 • mill _ II ii

Max. Cross-Sectional ._ ,,_

\-, Plonforr,I _ I

, Witted - i i i

Bose
!

!,IPof BSRM Centerllne (ZT) - In. _00.0 _.00

FS of BSRM Nose (X) - I.. 200.0 2.00

L

34 REPRODUCI]I_,rI'YOF THFJ
ORI(_IN ,U, }'ACi,;!:3!'_ _1¢

" k-_ ...............
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1ABLEIII. - Continued.

_ ) Iql)OELCOMPONENT: F,xt_Ll tank _Lth protuberancuyT15
i I II i

GENERALOESCRIPTION: _errml o_4_m-I_Jropn t4mk; ,Vel_cle 3 C_tioni i inl l

pe r Rock_mll lima VL?8-4X)OOAZBand VL?2-4XX)O88B..Hodel Scale. - 0.010

I I

in II I I i

VL78-OOOOk_e

DRAWINGNUmER: VL72-OOOO_B

DIHENS.IO_...: FULL-SCALE I_OEL SCALE

Length - In. (Noee eXT-"J09) ,, 1865, ,,, 18.6._

Max. Width (Dia.)-In. 324 3.23,

Nix Depth - -• ii Ill I

,/J

Fineness Rat|o _.7_ 5.7_

, Area- FT2

MIX. Cmss-Secttonal _72.5J5 O-OJ?

Plsnfom , ,,

o bletted ,,

Base

\*i kiP o1' Tank CenterZJ_w (XT) Zn.. &,O0.O A.O00

i m • -. II m _J

1976017255-039



TABLE Ill. Concluded.

NODE;.COMPONENT: .._ExternalTank..without,_prot_brancee__...... T22 ' ' L,_ i

GENERALOESCRIPTION: F.xt,er_al _sen-H:r&rogen Tank, Tehicle 3 CmLfJ4Iul_t;ion, 1__• • n , • i| |l i
1

J

, per, Rockwell lines VL78-O(XX)_Band VL?2-O(XX)_B ]_ :
i i || , mJ • , ii • il ]

ModelScale - 0.010 !
I .H mJ _ ii

| i | i | iml i il i i |.| . i i . i

VL?8-OOO_IB
ORAWING NUMBER: VL'72_B

i ] ii

OIMENS,IONS: FULL-SCALE' I_)DELSCALE '

Length - In. (Nose IXT:309) .1865., . 18.65 +
i i

Pax. Width (Dia.)-In. 32_ 3.2&

I • m mPax. Depth " . "

I 2
_ [ Area . rI

i

i Pax,. Cross-Sectional 572.555 0.0,_7[

Planfom , _,

Wetted
J ,

Base .......

•_ WP of TankCenterline(_) In. &O0.O h.O00 i

1976017255-040
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TABLEllI. - Cont|nued.

MODEL CCMFOh_r: VERTICAL- V7
GEh_tAL IESCRIFI_.ON: _ntmrliem vertical tat1: aga&h_l_a_:_LL._cLth

i .rounded leading e_e.

! _NOTE.: Same as. VS, but v_h. msntoulator housln, remnved ....... ,

MOn_._cA_.. _o._ot9..

! DRAWINGNtl4_,_R: VL70-.OOO1':_....

DIMENSIONS: FULL SCALE MODEL SCt.LE{

, TOTAL DATA

i _,rea(_e¢,) -yt2
na_orm _

Span (Theo) - In. 315 7 _
_pecc Ratio _ ___
Rate of Taper , _ n-_07 _.--
TaperRatio __ ...£.kOk__..
Sweep-Back An61es, Degree.. t

Leading Edge

'rralllnk; Edge __,_ __q.__
0.25 Element Line _

Chord_:

Root (Theo) :_ _._,)_ ___
Tip (Theo) :IP __1_ U_8_L_
_,_,c _ __Lm_--
Fus. S_a.of .25MAC _. zl_._
w.e.of .2__c _ _,
B.L. of .25 MAC _ ___

Airfoil Sect ton

" Le_dlng Wedge :_n_l_ - De(_. _ .__

TraillncWedge An_le - _g. __ A_i_1___
Leadln_ Ed6e Rndlu_ _ ...0_i_

Vold_rea- Ft l_.17 __

Blanketed Area ,0.00 __

|

i 37

%
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I

Iv. -o zncE LocATzOss

:_6-CES Orbiter
LREF = 1290.3 :

Pressure T_ Locations Bottom Surface
Bottom Center]ine B.P = -50" (F.S.)

Orifice .Orifice

x_/A_Xo(F.S.) xZL
¢

I 0 238.O0 33 .20 496.060

2 .005 2Ah.h52 3h .3C 625.090
3 . O2O 263.806
& .O&O 289.612 Uindshield LeLt Side
5 .060 315._18

6 .080 3_1.224 30 Center of !'or_rd window

7 .i00 367.030 31 :er.ter of obliq_-_ewindow
8 .150 _31.5_5 ]2 ::enterof aft window

9 .200 _96.060

i0 .300 625.090 5ro_s oe:_'_-,z_..=(Left Sido,,)
ii .&OO 75&.120

12 .500 883.150 Or! Cice

13 .600 1012.180 t:o. _ Xo(F.S.)
iL ._oo 127o.zco
15 .950 i&63.785 35 .!C 367.030 @ = i0o

16 .975 !h96.0&3 36 _ = 20o /._"
17 1.000 1528.300 3_ CCL Tan_.ent

18 1.025 1560.55R _ '_F'._ Tan_.ent
19 _.050 1592.815 qc, .2- &.b.,n60 _i_[,T&n=ent

_' l' L?To_ _enter_zne @ = LOo
_2 / = 50° (z=_o)

_rifice h3 _-96.3 (Z=&iC,)

:'o. _ :<o (F......_ _ &h ' _25.i)9(_ @=33.1 ("o-"5;

2r "5". Y'_.515 m, / = L5
2! !r;': 367.030 h7 @ = 57 (Z=3_n) ;

22 !25 3_,(J.2P.8 h_ _=6o.g (;=_hO)
23 1SO _3_.5&5 z(,.. ;_--65(z=35o)
2h ZiG Lj+4. l+&8 5 _--_,9(2=360) i

25 17o &57.351 5: _--95.7 (Z-LlO) !

26 .180 &70.25& 52 @ = 135

27 .200 _96.060 53 .60 1012.180 _--79.3 (Z=3_0)
28 ._00 625.090 5& _'95.5 (Z=V_IO) _

29 .600 1012.180 55 _.=103 (Z=L25)
56 _=n2.6 (z=_e) :

57 _35 := _o58 .e0 _27o.2A _=9_.5( _ )
59 •975 l&96.0&3 _-51.6 (Z-3On)

60 _-6e.0(z=3_o)

39
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TAIiLEIV. - Continued.

26-OTS Orbiter - Continued

O,OlO-Scale .

0}_ Pods (Left tide)

I •Orifice

No. _ XnFULL Yol '_'I,l, _j_

<

61 .7_O 12J+5 -95 474. 127.9

62 ._c5 ip76 -105• 5 4P8 129.5

63 .829 1307 -I17.0 498.7 130 i
64 .862 1356 -i26.5 506 130

65 .963 1480 -134.5 513 130

66 .829 1307 -95.0 511 139.6

67 .963 1480 -95.0 530 ]44
68 ._29 1307 -124.5 &74 120.8

69 .963 1480 -142.5 &74 llV. 5

70 i.0o0 1528.3 -!A2.5 47& 117.5

71 i.:_!45 1547 _ottom of PCS

Left Wing Bottom Surface

Orifice

•25 72 .&O .153 754.120 j
, • 1JVo=llT. 085 77 .50 299 883.150

=_86.0 94 .60 .4&4 1012•180

..... _. •v_6 12v_. oAC'-o:---61_5 75 .80

.4C 76 .592 .925 1Oo2.O63

1"o=187.336 7V .600 .O&5 inl2.18'
"=_0° 5 7_ .660 oi-_ 1090.00_ ?

<oI,_--9_9.5 79 .700 •30? 1141.21(

80 .80 •559 12T,. par; i
81 •933 •_' v) !441.75<

.5_ 22 .65! .(25 i1'v".917

"'o=2,_4.I"r" _3 .700 .',°7 !i_ _,210 :
_=416.5 84 .800 .4_7 ! PT".'. 240

"':o[f=!06_ •5

.60 _5 .708 .io0 i152.000

yo---281.004 _'_ ._O0 .42_ 127_. P.£_
C=360.0 87 .845 .600 1332_000

XoLE=III6.0 88 .876 .700 136_.000
89 .90& .800 1404.000

90 .918 .850 I/,22.000

91 •932 .900 1440.000

_0

1976017255-044
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TABLEIV. - Continued.

26-OTS -

External Tank.- O.Ol_-5cale
LT = 217&-309 ='1865 F.S. = IR.650 14.S.

Orifice
rlo. _ _ x_

501 .O& 0° 74.60 0.7&6
502 .08 e ° 1&9.2 r; I.&92
503 .15 0° 279.75 2.7975
50_ .AO 0° 7&6.00 7.&60
505 .60 O° 1119.00 11.190
506 .80 0° i&92.00 I&.920
507 .&O &5° 7&6.00 7.A60
508 .60 A5° 1119.00 11.190
509 .80 _5° 1492.00 1&.920
510 .90 &5° 1678.50 16.785
511 .30 67.5° 559.5C 5.595
512 .35 67.5° 652.75 6.5275
513 .&O 67.5° 746.00 7.460
51& .50 67.5° 932.50 9.320
515 .60 67.5o 1119.00 11.190 •
516 .65 67.5° 1212.25 12.1225
517 .70 67.5o 1305.50 13.055
518 .75 67.5° 1398.75 13.9875
519 .80 67.5o l&9?.O0 I&.92n
52C .90 67.5° 1678.50 16.785 _
521 .20 90° 373.00 3.730 _ _
522 .25 90° 466.25 &.6625
523 275 90° 512.875 5.12875"

5_ . !n 90° 559.50 5.59_0 _
525 .325 90o 606.125 6.06125
526 .35 900 652.75 6.5275 _

527 .&C 90° 7&6.0C 7.460 _
528 .&5 90o _39.25 8.3925
529 .56 90° O?P.5 9.325C i
530 .55 90° I_25.75 lO.25"5
531 .60 90° ii19.'o ii.19rl
532 .65 90° 1212.25 12.1225
533 .70 90° 1305.50 13.0550 _
53_ .75 90° 1398.75 13.9_75 _
535 .m9 90° 1492.00 IA.9PO0 ,

536 ._5 90° 15_5.25 15.85r5 i _
537 .90 90° 1678.50 16.7850 _.'_
538 .275 112.5 ° 512.875 5.12875 _ :
539 .30 112.5° 559.50 5.5950
5&O .325 112.5° 606.125 6.06125
5&l .35 i12.5° 652.75 6.5275 _
542 .AO 112.5° 7&6.00 7.&60 |5&3 .&5 112.5" 839.25 8.3925

5AA .50 112.5° 932.50 9.3250 1

43 !
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'fABLE IV. - Continued.

26-OTS - Continued

6rifice _.

5&5 .55 i12.5° 1025.75 10.2575

5&6 .60 112.5° 1119.00 11.1900

5&7 .65 I12.5 ° 1212.25 12.1225
5_8 .70 112.5 ° 1305.5o 13.0550

5&9 .75 112.5 ° 1398.75 13.9875
550 .80 112.5° i&92.00 I&.920

551 .85 112.5 ° 1585.25 15.8525

552 .90 112.5 ° 1678.5 < 16.7850

553 .825 123° 1538.625 15.38625
55& .85 123 ° 1585.25 15.8525

555 .875 123° 1631.875 16.31875

556 .90 123° 1678.50 16.7850

557 .925 123 ° 1725.125 17.25125

558 .96 123 ° 1790._0 17.90&0
559 .325 135 ° 606.125 6.06125
560 .35 135 ° 652.75 6.5275

561 .375 135° 699.375 6.99375 _ :
562 ._0 135 ° 7_6.00 7.460

563 ._5 135° 839.25 8.3925 _
56_ .50 135 ° 932.50 9.3250

565 .55 135° 1025.75 10.2575 /

566 .60 135 _ I!19.(_ i].190 i _
567 .65 135 ° 1212.25 12.1225 _ :

56_ .7o 135° 13o5.5o 13.o55o 2
569 .75 135 ° 139_.75 13.9875 i
570 .80 135 ° Ii92. °_ 14.92n _

571 .85 135 ° 1585.25 15._525 i
572 .90 135 ° 767q.5_ i_.7_50 _

573 .935 151 ° 17&_._75 i7.&3775 }
57& .&O 157.5 _ 7A(_. ,'_" " &60 1 {
595 .&25 157.5 _ 79S.£25 _.92625 _ :

57& .&5 157.5 ° C3".25 _.3925 _

_7" &75 157.5 ° ¢_5.- •

578 .50 157,5 ° 932.50 9.325' !
57q .55 157.5 ° 1025.75 10.2575
580 .60 157.5° lll�.0t 11.190

581 .65 157.5 ° 1212.25 12.122_ _ __

582 .70 157.5 ° IY,5.5 13.755 c i
583 75 157.5_ _a5'?.75 13 9c775

58& .80 i57.5 ° 1492.0o 1&.92 _, _ ;
585 .85 157.5 ° 1585.25 15.8525 _
586 .90 157.5° 1678.50 16.7850

587 .425 161° 792.625 7.92625

588 .50 166° 932.50 9.3250

589 .70 166 ° 1305.50 13.0550
590 .90 166 ° 1678.50 16.7850

REPRODUCIB_FfYOFTHE
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IV. - Continued.

26-Z___S- _ontinued

Orifice

_

591 .&O 167 ° 746.00 7.&600
592 0.00 180° 0.00 0.00

593 .005 180° 9.325 0.09325

59& .0! 180° 18.65 0.1865
595 .O& 180° 7&.6c 0.746o

596 .08 180° 149.2o 1.492o

597 .15 !80° 279.75 2.7975
598 .2C 1800 373.00 3.730

599 .25 180 ° 466.25 4.6625

600 .30 180° 559.50 5.5950 I
601 .35 18O° 652.75 6.5275
602 .375 180° 699.375 6.99375

603 .4C 180° 746.no 7.&6o
604 .425 180° 792.625 7.92625

605 .45 180° 839.25 8.3925
606 .475 180° 885._75 8.85875

607 .50 180° 932.50 9.325c

608 •525 180 ° 979.125 9.79125

609 •55 18o° ir_25•75 io. 2575

610 •575 18o° lO72. 375 !(_.72375 is
611 .60 180° ill9.no 11.1900

612 .65 180° 1212.25 12.1225

6_. .70 180° _._r_.5C_. 13.0550
614 .75 180° !398.75 !3.9_75

615 .9C 180° ]49P.00 14.97 r"
6!_ ._5 i_0° 1585.25 15.85_5

61_ .90 180_ 16_ ..,rr_ 16 .7_5_

61_ .937 1_0° ]71_7.5"_5 7._'5n5

619 .975 !_0° !818._v5 i_.l_V5

62C .08 197° 149.2 _' 1.492
621 .15 197 ° 279.75 2.7975
622 .30 1970 5_c'.51 5.595"

623 .50 197° _37.5_: q._25r'

62& .70 197 ° 13C5.5_ !3."55_

625 .90 197 ° 167_.50 -,,..-_A_g_

626 .15 210 ° 279.75 2.7975

627 .4C 210° 746._0 7._60_
628 .60 210° !119. _n i!.19_,0

oo629 .80 210° l&,_.O<) 14.9200

630 .937 210° 1747.505 17.47505
631 .40 220° 746.00 7.4600

632 .50 220° 932.50 9.3250

633 .70 220° 1305.50 13.0550

634 .335 225° 624.775 6.24775

635 .40 232° 746.00 7.4600

636 .60 232_ 1119. O0 ii.1900

637 .80 232° 1492. O0 l&.9200

_5

_- ' _" ! _ ___ _1_- , , ,

1976017255-049



i

T_F IV. - Concluded. 1
26-OT5 Solid _o=ket ?'otor

O•OlO-Scale

Orifice Orifice

_ x/I__, x r: .L-L3 XlLL "_ I
i

701 .O0 90 200.OO0 735 ,900 225 1708.400
702 .025 90 Pi_l.900 736 •930 225 1758. 680

703 .050 90 283.800 737 •960 225 i_08.960

70& .i00 90 367.600 73p ,990 225 1859.2AO

705 ._00 90 870.&O0 _39 •930 _0 1758.680"I Sui_ i'

706 .700 90 1373. 200 7_O .960 PhO 1808.960_ l'i__n
707 .780 90 1498.0 7Al •990 2J_O 1859.2AO_ " :
708 .800 90 15&O. 800 742 .300 2h7.5 702.800

709 •930 90 1758.680 743 .&O0 2J,7.5 870.bOO

7!0 .990 90 i_59.240 v_ .500 2.47.5 ]03_•000
711 •050 180 283.800 74,5 .600 247.5 1.oO5.600

712 •I00 180 367.600 7A6 .700 _A7.5 13"73.2C_)

713 .2C0 180 535.200 747 115 _6_ 392.740

.&O0 180 870._00 74_ 270 (45° HL from ncs_ radius)
715 .600 !80 1205. 600 749 •025 27() 241.900

716 .700 1_c 1373• 200 750 .050 270 2_3.800

717 .780 180 1498.0 751 .075 270 325.700

718 .800 180 15AC. 8CO 752 i0_ 270 367•600

719 .900 18P 170_.400 753 !](: 270 38&.360

720 .930 180 !758.680 75& 130 270 417.880
;i

721 .96'0 18P 1808.960 "55 150 27t 451.iO0 r
722 .99C 180 1<°59.240 756 2_0 270 5_5.200

"723 .910 21C 1725.160" "5v 3<0 P70 702.80C
• Thl. 9,-.0 ('n "5_ ,k'LC 270 87_'.AOC_2A •9o,20 2!6 _

725 .930 2_ 17_ 680 _k_r_ v5o 5'_O o7o _'_ nno
726 .95c 210 l'_6&.L_O Pia- 76: _)_' 270 !205. 600

_o_ 925 2"5 _'736Ao gram %" "'_" 2'7_' __"_......... . _,,,.290

"2_ .94_ 21_ 17_5.449 "/_ 7R_' 2'_o, _&o8.C,

72q .96( 215 _-_';P.960, "6_ 9_)_' _7O 15&0.800
...... ,OP. &O0_3C _5_' _5 &5\ .&me, 76& 9r)_ 2vn _"

"_'_ .4'," _ "_..... _5 93:' o'er, I_5_.68,"'
"_o _.... _ ,_, ""_ _ ; i ";6; _'-)(' 270 7,_o.2&O

"'" 7(" _ 5 _.8r_733 ."7' -. 5 *l,k'_ • ' . 3! "L'
73& _On 20.5 1540._(v" "_-P 70" _15 !373. 200

46 C,

t
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TABLE V.

ORIFICE VS VALVE-PORT

Orifice Valve Port Orifice Valve Port Orifice -Valve Port

i --i2 _ _ -'" 1o i7 ' 8i 2 --1o i
2 12 5 &2 iO 18 82 iO 28
3 12 6 &3 & & 83 6 33
& 12 7 _ i0 19 8A 6 8
5 12 8 A5 i0 20 85 8 9
6 i0 & A6 I0 21 86 6 9
7 i0 5 A7 & 5 87 6 i0
8 i0 6 A8 & 6 88 2 ii

9 i0 7 &? & 7 89 2 12 i
1o io 8 93 & 8 90 2 13
L1 6 28 51 & 9 91 2 14
12 6 & 52 & i0 92 i0 29
13 6 5 53 & 11 93 6 3&
l& 2 A 5& & 12 9& 2 15

15 2 5 55 A 13 95 i0 30
16 _ 6 :26 & l& 96 i0 31

17 2 7 57 A 15 97 A 2& r,,_
18 2 8 58 & 16 98 I0 32

19 2 9 59 A 17 99 i0 33 :
20 _', & 60 & 18 i00 i0 3&
21 7 5 61 ? 7 i01 I0 35
22 7 6 62 7 8 102 12 9
23 8 I0 63 7 9 103 i0 22 ' "
2& 8 iI 6& 7 i0 lO& I0 23
25 8 12 65 & 19 105 12 IO

26 8 13 66 ? ii io6 12 il I _
27 8 14 67 & 20 107 I0 2&
28 i A 68 7 12 108 12 12
29 i 5 69 & 21 109 12 13 _ "_
30 8 15 70 A 22 ii0 6 3_

31 8 16 71 & 23 iii 6 36
32 8 17 72 i0 _5 112 12 14
33 i0 9 73 6 29 113 i0 36
3& i0 i0 7& 6 30 ii_ 6 37
35 i0 li 7_ 6 6 Ii_ 8 iS
36 i0 12 76 iO 26 116 1 6
37 i0 13 77 i0 27 117 i 7
38 10 IA 78 6 31 118 i 8
39 I0 15 79 6 32 i/9 i 9
&O i0 16 80 6 7 120 I i0

,, , ,.

47
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TABL_ V.- Continued.

ORIFICE VS VALVE-PORT

Orifice Valve Port Orifice Valve Port Iorifi_c_e Valve "Port

-i_ -- p LUG--_D 521 i 23 561 9 - 2?
i_ 1 12 522 9 s 562 9 2s
123 i 13 523 9 9 563 9 29
12_ i _ 52_ 9 1o 564 9 30
125 12 15 525 9 n 565 9 31
126 2 16 526 9 12 566 3 30
127 2 17 927 9 13 567 3 31
128 12 16 528 9 l& 568 3 32
129 2 18 529 9 15 569 3 33
130 2 19 53O 9 16 570 3 3_
131 2 20 531 3 iO 571 3 35
132 2 21 532 P I,U G G E D 572 3 36
133 12 17 533 3 12 573 5 &
13A 2 22 53_ 3 13 57& ii &

135 2 23 535 3 IA 575 ii 5
136 12 18 536 3 15 576 ii 6

537 3 16 577 ii 7
538 9 17 578 ill 8
539 9 18 579 ii 9
5&O 9 19 580 5 5

501 ? 13 5&l 9 20 581 5 6
50_ 7 14 542 9 21 582 5 7
503 1 15 5&3 9 22 583 5 8
50& i 16 5&& 9 23 58A 5 9
505 i 17 5&5 9 2_ 585 5 iO
506 i 18 .%6 3 17 586 5 11
507 i 19 5&7 3 18 587 II lO
508 i 20 5A8 3 ]9 588 iI Ii
509 i 21 5&9 3 2'0 589 5 12
510 i 22, 550 3 2.1 _90 P L u o c E [
513. 9 A 551 3 22 591 Ii 12
512 9 5 552 3 23 592 12 19
513 9 6 553 P L U O O E D 593 12 20
514 9 7 55_ 3 25 59_ 12 21
515 3 _ 555 3 26 595 ? 15
516 3 5 556 3 27 596 ? 16
517 3 6 557 3 :_ 597 3 37
518 3 ? 558 P L U G C E O 598 3 38
519 3 8 559 9 25 599 11 13
52o 3 9 56o 9 26 600 12. 1A

41D

48 4-_.
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TABL_ _ - Concluded.

ORIFIC_V3 VALV_-_T

Orifice Valve Port Driflce Valve }'o_ 'Orifice Valve Port I

601 11 15 701 12 22 7&l 7 23
602 1] 16 '702 ,5 37 742 6 16
603 11 17 703 ._ 32 7L,3 6 _7
60_+ 11 18 70_ 5 33 7kA 6 is
605 11 19 705 1 24 7_5 6 19
606 11 20 706 1 25 7&6 6 2O
607 ii 21 707 12 23 7&7 12 30
608 11 22 708 12 2& 7&8 12 31
609 11 23 709 7 18 7&9 I] 34
610 n 2h 710 7 ]9 750 n 35
611 5 l& 711 Ii 32 751 ii 36

612 5 15 712 Ii 33 752 12 32
613 5 16 713 9 32 753 12 33
61h 5 17 71h 6 II 75& 12 3h j
615 5 18 715 P L U G G E D 755 12 35 ,....."

616 5 19 716 6 13 756 9 33
617 5 20 717 12 25 757 6 2/
618 5 21 718 12 26 758 6 22
619 5 22 719 7 20 759 6 23
620 7 17 720 8 & 760 6 24
621 3 39 72.1 8 5 761 6 25
622 ii 25 722 7 21 762 12 36
623 ii 26 72.3 8 19 763 12 37
624 5 23 72& 8 20 76h 7 2A
625 5 24 725 8 21 765 7 25
626 3 40 726 8 22 766 O P E N
627 Ii 27 727 8 23 767 6 26
628 5 25 728 8 2& 768 6 27
629 5 26 729 8 25
6.30 5 27 730 12 27
631 II 28 731 6 l&
632 11 29 732 6 ]5
633 5 28 733 12 28
634 ii 30 73h 12 29
635 11 31 735 7 22
636 5 29 736 8 26
637 5 30 737 8 27

738 0 P I_ N
739 S 7
?&O 8 8

49
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TABL_ VL

VALVt_;-'_:gRTVS ORIFICE NUMB_

VALVE

PORT 1 2 3 & 5 6

A 28 14 -- 515 &3 _73 12 ,
5 29 15 516 _7 580 13
6 116 16 517 &8 581 75
7 ]17 17 518 &9 582 80
8 118 :].8 519 50 583 8&
9 119 19 520 51 58& 86
i0 120 81 531 52 585 87
II 88 53 586 71&
12 122 89 533 5& 589
13 123 90 53& _5 716 -
l& 12& 91 535 56 611 731
15 503 9& 536 57 612 732
16 50& 126 537 58 613 7&2
17 505 127 5&6 59 61& 7&3
18 506 129 5&7 60 615 744
19 507 130 5&8 65 616 7&5
20 508 131 5&9 67 617 7&b ,"
21 509 132 550 69 618 757
22 510 13& , 551 70 619 758
23 521 135 552 7] 62& 759
2& 705 97 625 760
25 706 ' 55& 628 761
26 555 629 767
27 556 630 768
28 557 633 i]
29 636 73
30 566 637 7&
31 567 78
32 568 703 79
33 569 70& 83 ,4
3& 570 93
35 571 " ]I0
36 572 1]i
37 597 702 ll&
38 598
39 621
_0 626

J
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TABLE I/I.- Concluded.
VALVE-PORT VS aR'_CE I_U)(B_+.

VALVE

h g) - 720 510. I 6 Y/_ I
5 21 721 512 ' 7 575 2
6 22 Y 3 8 y/6 3
7 61 739 51h 9 577 h
8 62 7&O ,522 10 .578 5
9 63 85 523 33 579 102
1o 6/, 23 5_ 3h 587 lo5
n 66 2.h 525 35 588 lo6
12 68 25 526 36 591 i08
13 501 26 527 37 599 1o9
lh 5O2 27 528 38 600 _
15 595 .30 529 39 6Ol 125
16 596 31 530 ho 6o2 128
17 62O 32 538 hl 603 133
18 709 ]15 539 h2 6vh 136
19 710 723 5hO &4 605 592 "
20 719 72h 5hl h5 6O6 593
21 722 725 5_2 A6 607 59&
22 735 726 543 103 608 701
23 7Al 727 5hh lOb 609 70'7
2h 76h 728 5h5 107 610 708
25 765 729 559 72 b22 717

26 736 560 76 623 7].8 (
27 737 )61 77 627 730 )
28 562 82 631 733
29 563 92 632 73h
30 _6h 95 63h 7h7
31 _5 96 635 7h8 i
32 713 98 711 7521
33 756 99 712 7531
3h 100 7_9 7_hI
35 i01 750 75_(
36 113 751 762
37 763
38
39

hO I............. ....... _ ..... i-- " 4
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TABLE Vll. - S-V CONFIGURATIONVS TRANSDUCER [.

TRANSDUCER LOCATION

TRANSDUCER RATED IDAD-PSIA _

A 5 *,
B 5
C 5
D 5
E 5
F lC
G 10
H 10
I 15
J 15
K 15
L 15

CONFIGURATION VS TRANSDUCER ,/,

VALVE

;ONFIG.II 2 3 A 5 6 7 8 9 I0 11 12

-I J
I.V. A B C D E F G H I J K L

t ,!

ORB. A B _ *F D *E C G H *I J *K L i

: TANK A *I C *K E ] *F '* G *H B *J D L !

SRB A *I *F '.*K E C G H B *J J D L
• I !

*Not used for this configuration

i
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